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President-BASIL KIERNANDER, M.R.C.P. The Blood Supply of the Brachial Plexus By SAJIDA ABDULLAH, M.SC., M.B.,' and RUTH E. M. BOWDEN, D.Sc., M.B. London CLINICAL observation suggests that vascular insufficiency might contribute to the onset of brachial neuritis associated with disease of the cervical spine. Omissions and discrepancies in the literature of the detailed general and vascular anatomy of the plexus (Abdullah, 1958 ) prompted yet another study of the subject. The findings summarized here are based on studies of 118 plexuses of dissecting-room cadavers and 8 foetal and 30 adult plexuses injected with Neoprene latex (the adults ranged from 49 to 87 years of age). Movements of dural sheaths, spinal cord and nerve roots in relation to bone were observed in four unfixed foetuses (26, 27, 32 and 34 weeks respectively), a male of 14 and a female of 19 years.
The blood supply of the brachial plexus is dependent upon the subclavian artery and its derivatives, but there is some disagreement about the precise branches involved (Adamkiewitz, 1886; Bartholdy, 1897; =Tonkoff, 1898; Bergmann and Alexander, 1941) . Amongst the vessels cited are the vertebral, the ascending and deep cervical and the superior intercostal arteries, and all these vessels were observed to play some part (Fig. 1) . The origin of the vertebral artery may vary and frequently the left is somewhat larger than the right vessel (Thane, 1899; Adachi, 1928) (Fig. 2) ; both may undergo gross distortion as a result of osteoarthritic changes in the spine (Biemond, 1951; Hutchinson and Yates, 1956) . The main vessels supplying the plexus were symmetrically arranged in 6 out of 17 bodies, but there was variation in the minor vessels. The cord and rootlets of cervical nerves were supplied by the anterior and posterior spinal branches of the vertebral artery, and these were reinforced through the intervertebral foramina by segmental vessels from the cervical part of the vertebral, the ascending and deep cervical and the superior intercostal arteries. In a detailed study of the arterial supply of the ganglia, that of the seventh was found to be most variable (Tonkoff, 1898; Bergmann and Alexander, 1941) . The ganglionic vessels either passed straight backwards or were derived from medial and lateral branches of the vertebral artery, and other branches arose from the superior cervical and intercostal vessels. The medial branches of the vertebral artery also supplied bone and joints of the vertebral column, and disease or distortion of the vessel might well accelerate degenerative changes in these structures. The trunks of the plexus were supplied directly or indirectly by muscular branches of the ascending and deep cervical arteries and superior intercostals, and occasionally from the subclavian itself. The cords received small direct branches from the subclavian, axillary and subscapular vessels. In this series there were no vasa nervorum from the suprascapular and transverse cervical arteries (Tonkoff, 1898; Ramage, 1927) . The veins could not be studied in great detail. Venules running along with nerve roots traversed the dural ostia to open inito the internal vertebral venous plexus behind the roots; occasionally the vessels pierced the dura above or below the ostia and opened into the same venous plexus, which also received vessels from the medial parts of the relevant ganglia. The lateral part of the ganglia drained either through muscular veins or directly into the plexus around the vertebral artery, or into tributaries of the superior intercostal vein. In the more distant parts of the plexus the veins drained into the tributaries of the axillary and subclavian veins.
Histological preparations made by the Pick-worth sodium nitroprusside benzidine technique (1934) demonstrated three distinct patterns in the intrinsic vascular arrangements. The anterior and posterior roots of nerves were supplied by a coarse plexus of vessels running parallel with the nerve bundles, and connected together at irregular intervals by fine transverse vessels. The dense capillary bed in the ganglia was more conspicuous at the poles and periphery. In some of the ganglia irregular dilatations were seen (Bergmann and Alexander, 1941; Blunt, 1956) , and in central sections vessels were seen to run an arcuate course between the anterior and posterior nerve roots. The third type of pattern, typical of peripheral nerves, was found in the spinal nerves which had an epineural plexus of larger vessels and a well-defined plexus of longitudinal vessels converted into a fine meshwork by transversely arranged linking capillaries. Several details of general anatomy not commonly recognized emerged from this study, and together with the vascular patterns they may be of clinical significance. The number of bundles forming anterior nerve roots varied from 1 to 6 (it is usually stated to be 2), and in only 7 out of 74 nerves was a single bundle seen to pass through the dural ostium; in the remaining 67 the separate bundles and their accompanying vessels passed through the single opening in the dura. In 76 posterior roots, the bundles entering the ostium ranged from 2 to 10 in number. Whilst the direction of bundles forming nerve roots was in general downwards, that of individual bundles forming a single root varied and the lower ones might pass downwards, horizontally or even upwards to the ostium. The roots of the highest nerves of the plexus were related to a single intervertebral disc, but the upper bundles of the eighth cervical and first thoracic nerves were invariably related to two discs, and the lowest to a single one.
It is of interest to note that while the movements of the dural sleeves confirmed those reported by Frykholm (1951) the movements of nerve roots did not conform to those of the dura, and rotation of the head and neck showed differences in the relative positions of anterior and posterior nerve roots. The well-known exaggeration of angulation occurs where the discs and joints of Lushka have degenerated and the total length of the vertebral canal is reduced.
The normal anatomical arrangements indicate that there are constant shearing stresses between nerve roots and the relatively fixed and adherent dura with risk of repeated minor vascular injury (Frykholm, 1951; Brain et al., 1952) . Where disease or damage of unyielding bony structures distorts or narrows the main dural sac or sleeves this risk is increased, and it seems likely that the intrinsic arcuate vessels might be particularly vulnerable. This same disease may also distort the vertebral artery. The seventh cervical nerve has a more variable blood supply; sometimes the bulkiest nerve root, it lies at the level of maximum excursion of the cervical spine. The nerve roots and the nerves themselves change direction at the dural ostium, and the tips of transverse processes. Before reaching the latter, the spinal nerve sheaths may give origin to fibres of scalenus anterior and medius, muscles which are active during respiration (Weddell et al., 1944; Kirgis and Read, 1947; Frykholmn, 1951) . On this and other evidence it is suggested that greater weight should be given to vascular damage as an aetiological factor in brachial neuritis.
